Ejaculation induced by penile vibratory stimulation in men with spinal cord injuries. The importance of the vibratory amplitude J Spnksen MDl, F Biering-Sprensen MD PhD2, J K Kristensen MD PhDl 1 Department of Urology, and 2 Centre for Spinal Cord Injured, Department TH, Rigshospitalet, The National University Hosptial, Blegdamsvej 9, DK-2100 Copenhagen I, Denmark A total of 66 men with a spinal cord injury (SCI) and ejaculatory dysfunction were included in two different but comparable study populations I (n = 25) and II (n = 41). The level of lesion ranged from C2 to L1 (44 complete). Penile vibratory stimulation (PVS) to induce ejaculation was performed with two different types of vibrators in population I and considerably different ejaculation rates (ante grade + retrograde) occurred depending on the vibrator used. Our experience suggested discrepancies between the manufacturers' specifications and the actual vibrator outputs concerning frequencies and peak-to-peak ampli tudes. Retrospectively performed determinations revealed that the manufac turers' specifications regarding the frequencies were accurate whereas the peak-to-peak amplitudes were inaccurate. With a frequency of 100 Hz and determined peak-to-peak amplitudes of 1 mm and 2.5 mm, ejaculation rates of 32% and 96%, respectively, were obtained in population I. This indicates that an adequate peak-to-peak amplitude is essential to exceed an 'ejaculatory threshold' in the majority of SCI men. Furthermore, an ejaculation rate of 83% obtained in a subsequent prospective study of 41 SCI men (population II) verified that a frequency of 100 Hz and a peak-to-peak amplitude of 2.5 mm seems to approach the ideal vibrator output. The ejaculation responses obtained by JS (first author) were reproduced when the PVS was performed by the patient or his partner, indicating that the vibrator output is more important than PVS experience. No major adverse reactions due to autonomic dysreflexia were observed. The lowest level of SCI where antegrade or retrograde ejaculation occurred was T9 and Ll, respectively. No absolute predictors for ejeculatory success or failure in relation to patient age, years since lesion, completeness of SCI, urinary bladder management method, hip flexion and bulbocavernous reflexes were observed. Therefore, most SCI men with ejaculatory dysfunction should be considered candidates for PVS.
Introduction
It is well known that the vast majority of men with a spinal cord injury (SCI) suffer from ejaculatory dysfunction and if ejacula tion is obtained usually they exhibit a very poor semen quality.l The primary cause of infertility in SCI men is their inability to ejaculate. To retrieve sperm from SCI men two methods are primarily used: penile vibratory stimulation (PVS) and rectal electrostimulation.2 This study describes the ejaculation response to PVS in men with SCI related to patient history, level and completeness of the SCI, and reflexes in order to identify possible predictors of ejaculactory success or failure. During the study the importance of the vibratory vari ables, frequency and, in particular, the amplitude, was evaluated.
Material and methods
The study protocol was approved by the regional ethical committee, and all patients were included only when oral and written informed consent was obtained.
A total of 66 SCI men were included in two different study populations I (n = 25) and II ( n = 41) in order to investigate the possibility of inducing ejaculation by PVS.
Population I
The first part of this study included 25 consecutive SCI men. The median age was 27 years (range 19-42 years) and median interval from SCI to study entry was 5 years (range 0.6-39 years). The neurological level of cord lesion ranged from C3 to L1. Sixteen lesions (64%) were complete and nine (36%) incomplete (Table I) .
Population II
In the second part of this study a different population of 41 consecutive SCI men were included. The median age was 29 years (range 18-44 years) and the median interval from SCI to study entry was 5 years (range 0.2-27 years). The neurological level of cord lesion ranged from C2 to L1. Twenty eight lesions (68%) were complete and 13 (32%) incomplete (Table I) .
No statistically significant differences be tween populations I and II were found with respect to age, years since lesion, level and completeness of SCI (Table I) .
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Patient history and clinical examinations
All the SCI men were interviewed regarding their urinary bladder management method, erection capability and ejaculatory function after SCI. Ejaculatory dysfunction was de fined as inability to obtain antegrade ejacu lation during any kind of sexual activity. Furthermore, the patients were asked whether the urine had been examined for retrograde ejaculation after sexual activity.
The level of SCI was determined as the most caudal, normal functioning spinal cord segment. In complete lesions no sacral sparing was present. The bulbocavernous and hip flexion reflexes were clinically tested in all patients.
Vibrators Project development
In 1989 this study was initiated using the only vibrator designed for PVS available in Denmark (vibrator A, see Appendix). The setting of the vibratory variables (frequency and amplitude) were based on the indica tions reported by Brindley. 3.4 However, in 1990 a considerably higher ejaculation rate in SCI men was reported5 with a different vibrator designed for muscle massage (vi brator B, see Appendix).
As only modest ejaculation rates were obtained with vibrator A in population I (Table II, vibration procedures 1-3) , it was decided to test vibrator B in the same group of patients which resulted in considerably higher ejaculation rates (Table II, Our experience with population I (Table  II , vibration procedures 1-5) suggested certain discrepancies between the vibrator specifications indicated by the manufactur ers and the actual vibrator outputs. As a consequence the frequencies and ampli tudes were determined retrospectively for vibrators A and B (see below).
Furthermore, the two vibrators were compared on identical settings in population I which was, however, possible only at the less successful setting of vibrator A (Table  II , vibration procedures 2 vs 6 and 3 vs 7).
To be able to evaluate the consistency of the higher ejaculation rates obtained in population I with vibrator B (Table II , vibration procedures 4 and 5), PVS was performed with the same vibrator B in another study population II (Table II , vibra tion procedures 8 and 9).
Technical specifications
The two vibrators A and B were electrically driven directly from the net (220 V /50 Hz).
Paraplegia 32 (1994) [651] [652] [653] [654] [655] [656] [657] [658] [659] [660] For vibrator A, a frequency of 0-120 Hz and a peak-to-peak amplitude of 0-10 mm was indicated by the manufacturer on two separate scales both being stepless. For vibrator B, the frequency was stationary at 100 Hz and a peak-to-peak amplitude of 1.5 mm was indicated by the manufacturer for maximum setting only on a step less scale. The vibrator knobs of both vibrators were circular with a diameter of 38 mm and a flat, smooth surface made of hard plastic.
Determination of the vibrator variables frequencies and amplitudes
The determination of frequencies and peak to-peak amplitudes for vibrators A and B were performed after completion of vibra tion procedures 1-5 (Table II) . In the remaining vibration procedures 6-9 (Table  II) using vibrator B, the frequencies and peak-to-peak amplitudes were determined daily before and after PVS to ensure the consistency of the vibrator output.
The frequencies were measured with a stroboscope. Equipment to determine the peak-to-peak amplitudes was not available and had to be developed. The equipment consists of a voltmeter and an inductive proximity sensor. 6 The inductive proximity sensor measures the peak-to-peak ampli tude which can be read directly in mm from the scale of a voltmeter. The accuracy of the measurements was within 0.1 mm. When loading the vibrator knob to the penile surface, the amplitude increases slightly (maximally 0.1 mm). The impact of pressure added to the vibrator knob has been estimated and, consequently, taken into account when calculating the deter mined peak-to-peak amplitudes.
Vibration procedures and observations
With the patient supine, the prepuce was retracted and the centre of the vibrator knob was placed against the frenulum of the penis. The knob of the vibrator was held in the same position until antegrade ejacula tion occurred or for a maximum of 3 min followed by a pause of 1 min (one cycle) before the cycle was repeated maximally six times. Number of seconds/minutes from the start of PVS until ante grade ejaculation occurred was noted. Six cycles of 3 min were performed in all patients without ante grade ejaculation. The vibration procedures were performed by JS (first author) and subse quently by the patient himself or his partner, in order to test their own ability to obtain ejaculation.
Ejaculation response was classified as antegrade, retrograde or no ejaculation. Antegrade or retrograde ejaculation was defined as the presence of sperm in the ejaculate or postejaculatory urine. When calculating the ejaculation rates both ante grade and retrograde ejaculations were taken into account. Analyses of the semen quality will be reported on completion of ongoing studies.
Based on previous experience7•8 the body reactions, abdominal muscle contractions and leg spasms as response to PVS were clinically observed and registered. Further more, the presence or absence of erection during PVS was noted.
Autonomic dysreflexia
Men with SCI at or above T6 may experi ence autonomic dysreflexia.9 Procedures which involve triggering of ejaculation in SCI men, including PVS, may precipitate an acute episode of autonomic dysreflexia in patients who are susceptible to this syn drome.lO,l1
Before initiating PVS it was checked whether the patients had a history of auto nomic dysreflexia, and if any symptoms occurred during PVS the procedure was stopped immediately. In population I no prophylactic medical treatment was given. Based on the experience of Steinberger et al12 it was decided in population II to use nifedipine (10 mg), sublingually, 10 min be fore PVS in patients with a history of autonomic dysreflexia and cord lesions at or above T6.
Statistical analyses
The level and completeness of cord lesion in population I vs II were tested by X2 test and Fisher's exact test.
For statistical comparisons the ejaculation responses were ranked, i.e. failure: 1, retro grade: 2, and antegrade: 3; for analysis of unpaired data Mann-Whitney and Kruskal Wallis rank sum tests were used; for analysis of paired data the expanded McNemar principle was used. When comparing ejacu lation rates the sign test was used. Five per cent was chosen as the level of significance.
Results
Detailed information about the vibration procedures 1-9 including the frequencies and amplitudes used are given in Table II . All amplitudes in the result section are determined peak-to-peak amplitudes.
Determination of vibratory variables
The frequencies were determined to be in accordance with the specifications from the manufacturers. The determined amplitudes demonstrated that the manufacturers' speci fications were inaccurate. Differences be tween the indicated and determined ampli tudes were 1.5 and 1 mm for vibrators A and B, respectively, at a frequency of 100 Hz (Table II) .
Furthermore, at a frequency of 100 Hz, amplitudes of maximally 1.5 mm and 2.5 mm could be produced with vibrators A and B, respectively. Consequently, B had to be tested on the setting of vibrator A for comparison (vibration procedures 2 vs 6 and 3 vs 7), although it would have been more logical to test vibrator A on the setting of vibrator B which produced the highest ejaculation rates.
Vibratory variables and ejaculation responses Population I
When using frequencies of 80 Hz and 100 Hz, an amplitude of 1 mm produced identical ejaculation responses (vibration procedures 1 and 2). A vibrator output of 100 Hz and an amplitude of 2.5 mm (vibration procedures 4 and 5) produced significantly higher ejacu lation rates (p < 0.0001, Sign test) than an amplitude of 1 mm (vibration procedures 2 and 3). The higher ejaculation rates at 2.5 mm were due to converting failures at 1 mm to successes. When using the same vibrator the ejaculation responses were similar irrespective of whether the investi gator (JS) or the patient or his partner performed the procedure.
It was only possible to include 22 of the original 25 patients in the vibration pro cedures 6 and 7. When using the same frequency (100 Hz) and amplitude (1 mm) the ejaculation responses were similar, irre spective of the vibrator used and who performed the vibrations (vibration pro cedures 2 and 3; 6 and 7). After SCI but prior to PVS none of the patients had had ante grade ejaculation or their urine examined for retrograde ejacula tion. Four patients with duration of lesion less than 6 months had not tested their ability to obtain ejaculation post injury.
Ejaculation was obtained in 58 (88%) SCI men. The total number of patients respond ing to PVS with antegrade or r�trograde ejaculations was 41 (62%) and 17 (26%), respectively. Eight (12%) patients did not obtain ejaculation. During the first cycle of PVS 27 patients responded with antegrade ejaculation within 10-160 s. Between two and six cycles of 3 min each were required before the remaining 14 patients obtained ante grade ejaculation. No relation was seen between level of cord lesion, completeness of cord lesion, patient age or years since lesion and the stimulation time required to obtain antegrade ejaculation.
The level of cord lesion, urinary bladder management methods, reflexes and clinical observations of body reactions during PVS related to the ejaculation responses are given in the Figs 1-4 . The lowest level of cord lesion where ante grade or retrograde ejaculation occurred was T9 and L1 re spectively. No relation between ejacul�tion response and completeness of cord lesion patient age or years since lesion was seen: All patients with duration of lesion less than 6 months obtained ejaculation (three ante grade: C6, 5 months; T6, 3 months; T8, 2 months; and one retrograde: C6, 3 months).
The general pattern of body reactions in patients with ante grade ejaculation was that continuous abdominal muscle contractions were present at the beginning of PVS but changed to be repetitive contractions when ejaculation occurred. Conversely, leg spasms were initially repetitive but changed to be continuous when ejaculation occurred. In patients with retrograde or no ejaculation from PVS, abdominal muscle contractions and leg spasms, when present at all, were more sporadic, less pronounced and did not appear immediately upon stimulation. How ever, if both abdominal muscle contractions and leg spasms were present during PVS antegrade or retrograde, ejaculation was seen in 46 of 48 patients (Fig 4) . All patients with antegrade (n = 41), nine with retrograde (n = 17) and six with no ejaculation (n = 8) had experienced reflex erection after SCI and prior to PVS. In the group with antegrade ejaculation, erection was seen during the entire PVS in five patients whereas erection appeared only 5-10 s before ejaculation in 31 patients. In the group with retrograde ejaculation, erec tion was seen in two patients and only initially during PVS. However, all patients with an erection during PVS obtained either antegrade or retrograde ejaculation (Fig 4) .
The clinical presence of both the hip flexion and bulbocavernous reflexes, and at the same time the body reactions, abdom inal contractions, leg spasms, and erection during PVS were seen in 27 of 41 patients with antegrade ejaculations. In addition, 19 of the 27 patients had cord lesions at or above T9 and used suprapubic tapping for bladder management. No other consider able overlaps were seen, i.e. the remaining patients were in relation to the above observations distributed within a large vari ety of combinations as seen from Figs 1-4 . Finally, it should be mentioned that in four of 17 patients with retrograde ejaculation the level of cord lesion was at or below TlO and none of the reflexes or body reactions were observed during PVS. In population I four patients experienced light headache during ante grade ejaculation and PVS was stopped immediately. In no instances did the systolic/diastolic blood pressure exceed 200/110 mmHg. One paParaplegia 32 (1994) 651-660 tient required treatment with 0.5 mg glycerine nitrate, administrated subling ually, with good effect.
None of the patients in popUlation II experienced discomfort related to auto nomic dysreflexia during PVS and ejacu lation.
Discussion
The significant increase in ejaculation rates when using vibrator B instead of vibrator A in study population I was encouraging. Determinations of the peak-to-peak ampli tudes proved that the manufacturers' speci fications were inaccurate. The frequencies, however, were accurately specified. In study population I, the results (by JS) revealed that a vibrator output of 100 Hz and a determined peak-to-peak amplitude of 2.5 mm produced significantly higher ejacu lation rates than with a determined peak-to peak amplitude of 1 mm (96% vs 32%). The fact that the increase in the ejaculation rate originates solely from the patients who failed to ejaculate at the determined peak to-peak amplitude of 1 mm suggests the presence of an 'ejaculatory threshold'. To obtain high rates of ejaculation by PVS in SCI men, it was necessary to exceed this 'ejaculatory threshold' and our findings sug gest that the peak-to-peak amplitude is important in this respect. Whether other frequencies than 100 Hz at a determined peak-to-peak amplitude of 2.5 mm would have any impact on the ejaculatory response in SCI men has not been ruled out by this study. In study population II, the obtained ejaculation rate of 83% (by JS) verified that on a frequency of 100 Hz, a determined peak-to-peak amplitude of 2.5 mm seems to approach the ideal vibrator output. In addi tion it proves the consistency of replication in a different study population of SCI men.
The ejaculation rates reported3-5,8,13-19 after PVS in SCI men range from 19 to 91 % (Table III) . Comparison of these results is problematic due to methodological inconsis tencies. Several different vibrators and set tings have been used and it was not possible to extract the optimum vibratory variables (frequency and amplitude) for PVS. In four patient groupS8,13-I5 no information was given about the vibratory variables applied. In the other studies3-5,8,16-I9 differences be tween indicated frequencies and/or ampli tudes and the actual vibrator outputs cannot be ruled out as no information about verifi cation was reported. The considerable dif ferences in the ejaculation rates (Table III) may be explained by unrecognised differ ences between the indicated vibratory vari ables and the actual vibrator outputs. Another possible confounding factor may be lack of experience in initiating PVS in SCI men. However, the fact that equivalent ejaculation responses were obtained by JS and the patient or his partner indicates that successful ejaculation depends more on a sufficient vibrator output to exceed an 'ejaculatory threshold' than PVS experience as such.
There was a trend towards a higher number of patients with ante grade ejacula tion and a lower number with retrograde or no ejaculation in the cervical group com pared to the thoracic group (Fig 1) . Completeness of cord lesion, patient age, and years since lesion had no impact on the ejaculation response. Brindley4 has reported that PVS usually fails if tried within 6 months of injury. In the present study, however, all patients with duration of lesion less than 6 months obtained ejaculation, which might be because all were out of the spinal shock phase as reflexes were present at the time of PVS.
According to Brindley3,4 and Szasz & Carpenter,8 the PVS method seems to re quire an intact spinal cord at the level of TlO-S4 in order to induce ejaculation. To some extent our study supports these find ings as the lowest levels of cord lesion where ante grade and retrograde ejaculation oc curred were T9 and L1, respectively. De spite this trend some patients with cervical, thoracic as well as lumbar lesions did not obtain ejaculation (Fig 1) . Four of the seven patients with cord lesions at the TlO-Ll level who obtained retrograde ejaculations were clinically evaluated to have complete lesions without sacral sparing. Part of the spinal cord below TlO must still have been intact otherwise ejaculations would not have occurred.3,4,8 Whether some degree of incompleteness was present but unrecognised or some patients with complete lesions between TlO and L1 are able to obtain retrograde ejaculations cannot be ruled out with certainty by this study. However, ejaculations obtained in SCI men with in complete lesions as low as the sacral cord level have been reported. I? As a conse quence all SCI men ought to be considered candidates for PVS since it seems that the clinical examination cannot absolutely ex clude that some neurons essential for ejacu latory success are still functioning.
The presence of hip flexion and bulbo cavernous reflexes and/or the body reac tions abdominal muscle contractions, leg spasms and erection during PVS seem to indicate a higher possibility of antegrade ejaculation. However, even when none of the reflexes and/or body reactions during PVS was present, ejaculation could be obtained in some cases. Brindley4 has stated that ejaculation always fails in patients in whom the hips do not flex reflexly when scratching the soles of the feet, since failure of this reflex indicates damage between L2 and Sl segments. In this study (Fig 3) , 17 patients obtained ejaculation (10 antegrade and seven retrograde) despite the clinical lack of the hip flexion reflex. Absence of the bulbocavernous reflex indicates damage be tween S2 and S4. Although it was expected that PVS would failS seven patients lacking this reflex obtained ejaculation (one ante grade and six retrograde). As previously stated20 there is a need for detailed neuro physiological investigations to provide more insight regarding the importance of the presence or absence of the mentioned re flexes. The above findings demonstrate that absolute predictors of ejaculatory success or failure could not be identified among the clinically tested reflexes.
Conclusions
This study indicates that an adequate peak to-peak amplitude is essential to exceed an 'ejaculatory threshold' to induce ejaculation by PVS in the majority of SCI men. The highest ejaculation rates were obtained with a peak-to-peak amplitude of 2.5 mm at a frequency of 100 Hz. Equal ejaculation re sponses occurred irrespective of who (JS or patient/partner) performed the PVS.
Antegrade ejaculation with PVS does not commonly occur in SCI men with cord lesion below T9. However, retrograde ejaculations have been observed in SCI men even with sacral cord lesions. In the present study we found no absolute predictors for ejaculatory success or failure. Therefore most SCI men with ejaculatory dysfunction should be considered candidates for PVS.
